Abstract The present work describes the synthesis of 6-substituted-3-(1-(4-substituted)-4-((Z)-(5, 6-dimethoxy-1-oxo-1H-inden-2(3H)-ylidene)methyl)-1H-pyrazol-3-yl)-2H-chromen-2-one derivatives (5a-l) by Claisen-Schmidt condensation of 3-(6-substituted-2-oxo-2H-chromen-3-yl)-1-(4-substituted)-1H-pyrazole-4-carbaldehyde derivatives (4a-l) with 5,6-dimethoxy-2,3-dihydro-1H-inden-1-one at reflux temperature for 8 h. The synthesized compounds were screened for in vitro antioxidant activity. Compounds 5e and 5g showed promising DPPH radical scavenging activity with IC 50 54.14-56.19 lg/mL, ferrous ion chelating ability with IC 50 53.75-56.89 lg/mL and reductive capability with IC 50 58.01-62.57 lg/mL. The selected compounds were also tested for in vivo antihyperglycemic activity against Streptozotocin-nicotinamide induced Adult Wistar rats. Compounds 5e and 5g showed significant decrease in glucose concentration (115 and 138 mg/dL) with the dose of 100 mg/kg.
Introduction
Human bodies are protected from oxidative stress by natural enzymatic and non-enzymatic antioxidant defensive system, whose capacity is affected by age, diet, and health status of the individual (Chun et al., 2003) . Therefore, only endogenous antioxidant defenses are not absolutely efficient. Dietary antioxidants are required to diminish the cumulative effects of oxidative damage due to excess ROS (reactive oxygen species) that remains in our system (Lim and Murtijaya, 2007) .These free radicals may oxidize nucleic acids, proteins, or lipids which occur through a chain reaction and may form potentially toxic end products (Guo et al., 2005; Chunhuan et al., 2010) . Therefore, oxidation can cause not only deterioration of foodstuffs but also harm living organisms.
When free radicals overcome our body's ability to neutralize them, they attack the body itself. As a result free radicals disturb the action of cellular DNA, which directs key cellular activities. Cells with damaged DNA stagnate and are prone to developing cancer and growths. This kind of damage also accelerates the aging process and diabetes (Hyun et al., 2006) directly causing wrinkles and age spots and severely taxing the immune system. They may also responsible for other diseases such as cardiovascular diseases (Singh and Jialal, 2006) , neural disorders (Sas et al., 2007 ), Alzheimer's disease (Smith et al., 2000) , alcohol-induced liver disease (Arteel et al., 2006) . Therefore, the searches for new antioxidants have received much attention.
Diabetes mellitus is a chronic and multifactorial disease characterized by a high level of blood glucose and impaired insulin action (Neogi et al., 2003; Saltiel et al., 2001) . It generally results in decrease in insulin secretion that translates into impaired carbohydrate (glucose) use, which is the characteristic feature of diabetes mellitus. This, results in hyperglycemia in the blood, which could potentially cause serious debilitating conditions including cardiovascular morbidity, nerve damage, and mortality (Gegory et al., 2001 ). Non-insulin dependent diabetes mellitus (NIDDM) accounts for approximately 80-90% of all diabetes cases (King and Rewers, 1993) . Although significant progress has been achieved in the treatment of type-2 diabetes mellitus (T2DM) over last decade, the biochemical and molecular mechanisms underlying insulin resistance have not been clearly indicated (Kus et al., 2011; Sangle et al., 2012) . Therefore, it is essential to control blood glucose levels during the early stages of the disease.
Coumarins, a group of benzopyrone derivatives (Saija et al., 1995) , have been recognized as one of the largest and most widespread class of plant constituents occurring throughout the plant kingdom (Es-Safi et al., 2007; Anju et al., 2012) . Moreover coumarin containing other heterocyclic compounds have been found to exhibit various pharmacological activities including spasmolytic, antioxidant, anticoagulant, antiviral (Stancho et al., 2008; Jovanovic et al., 1994) , antimicrobial (Chimenti et al., 2010; Vijaya Laxmi et al., 2013) , analgesic (Khan et al., 2005; Ghate et al., 2005) , antitubercular (Karali et al., 2002) , antimalarial (Gajanan et al., 2010) , antidiabetic (Gireesh et al.,2011) and antitumor (Xin-Hua et al., 2012) activities.
Pyrazoline derivatives have exhibited various biological activities such as antioxidant, antimicrobial (Ahmad et al., 2010; Padmaja et al., 2011; Mamta et al., 2010) , analgesic, anti-inflammatory (Isloor et al., 2000) , anti-hyperglycemic and sedative-hypnotic activities (Braulio et al., 1999; Rizk et al., 2011) .
Prompted by the above results and in continuation of our research work on biologically active compounds (Kenchappa et al., 2013a,b) we synthesized coumarin derivatives containing pyrazole and indenone moiety and screened them for antioxidant and antidiabetic activities.
Materials and methods

Chemistry
5,6-Dimethoxyindenone with 98% purity was purchased from Sigma Aldrich Company. Melting points were recorded on an electro thermal melting point apparatus and are uncorrected. 1 H and 13 CNMR spectra were recorded on a Bruker 400 MHz spectrometer and chemical shifts are shown in d values (ppm) with tetramethylsilane (TMS) as internal standard. LC-MS was obtained using an Agilent LC/MS instrument (Electronic Ionization method). The FT-IR spectra were taken in KBr pellets (100 mg) using a Shimadzu FT-IR spectrophotometer. Column chromatography was performed using silica gel (230-400 mesh), silica gel GF254 plates from Merck were used for TLC and spots were identified either by UV or dipping the plates in potassium permanganate solution.
2.1.1. General procedure for the synthesis of 3-(6-substituted-2-oxo-2H-chromen-3-yl)-1-(4-substituted)-1H-pyrazole-4-carbaldehyde derivatives (4a-l)
To the cold solution of DMF (1.0 mL, 0.014 mol), POCl 3 (1.3 mL 0.014 mol) was added drop wise for half an hour by maintaining the temperature at 0-5°C. To this solution, 3-[(1E)-1-(2-phenylhydrazinylidene) ethyl]-2H-chromen-2-one (0.0035 mol) (3a-l) was added and the reaction mixture was stirred. After complete addition, the stirring was continued for 30 min, at 0-5°C and then the temperature was raised to 80°C for about 6 h. Completion of reaction was confirmed by TLC, reaction mixture was poured into crushed ice and neutralized by 10% NaOH solution. The solid precipitated out was filtered, dried and recrystallized from ethanol.
The formation of compounds 4a (m.p.; 183-186°C) and 4b (m.p.;À185 to 187°C) was confirmed by comparing its melting points with the literature value (Vijaya Laxmi et al., 2013) . 
The mixture of 5,6-dimethoxy-2,3-dihydro-1H-inden-1-one (0.5 g 0.002 mol) and 3-(6-substituted-2-oxo-2H-chromen-3-yl)-1-(4-substituted)-1H-pyrazole-4-carbaldehyde (4a-l) (0.002 mol) was stirred in sodium methoxide solution under reflux condition for 8 h. and completion of the reaction was confirmed by TLC. The reaction mixture was poured into cold water and neutralized with dilute HCl. The solid separated was filtered, dried and recrystallized with ethanol to furnish the title compounds. 114.3, 118.4, 119.5, 122.3, 123.2, 126.5, 129.1, 130.1 (2C), 131.2, 132.8, 138.5, 139.8, 142.9, 148.4, 150.1, 152.4, 159.6, 161.5, 168 2.1.14. 113.2, 116.3, 119.3, 121.5, 123.5, 125.5, 128.6, 131.1, 132.1 (2C), 133.1, 135.8, 139.5, 141.8, 143.6, 150.4, 153.1, 155.4, 161.6, 165.5, 169 .2 (coumarin C‚O), 175.5 (indenone C‚O).MS: 103.6, 104.7, 109.7, 112.0 (2C), 113.7, 117.1, 119.5, 122.0, 123.7, 126.0, 128.9, 131.5, 133.1 (2C), 134.1, 136.2, 139.5, 142.0, 144.2, 151.4, 153.1, 156.4, 161.6, 166.5, 169 .2 (coumarin C‚O), 176.5 (indenone C‚O).MS: 102.6, 104.7, 109.7, 112.0 (2C), 114.7, 116.1, 120.5, 122.0, 123.7, 125.0, 127.9, 130.0, 132.5 (2C), 134.1, 136.7, 139.5, 142.0, 144.2, 150.4, 153.1, 156.4, 162.2, 165 114.7, 116.1, 119.0, 121.0, 122.9, 125.0, 127.0, 129.5, 132.2 (2C), 134.1, 136.3, 139.2, 142.3, 146.7, 152.1, 155.1, 157.1, 161.4, 166.1, 168.9 114.7, 116.1, 118.0, 121.0, 123.5, 125.0, 127.0, 129.3, 132.0 (2C), 134.2, 136.9, 139.2, 142.5, 145.6, 151.1, 155.2, 158.4, 161.4, 165.4, 169.0 113.7, 116.1, 118.0, 121.3, 123.5, 125.3, 127.0, 129.3, 131.4 (2C), 134.2, 137.4, 139.2, 142.5, 145.3, 152.3, 155.2, 157.3, 160.4, 164.4, 168.0 113.7, 115.5, 118.0, 121.4, 123.5, 125.3, 128.0, 131.5, 133.4 (2C), 136.2, 138.4, 141.2, 144.5, 148.3, 152.3, 155.2, 158.3, 162.4, 165.4, 169.0 (coumarin C‚O) 103.4, 106.2, 109.3, 111.0 (2C), 114.7, 116.5, 118.0, 120.4, 122.5, 125.3, 127.0, 130.5, 133.4 (2C), 136.2, 138.4, 143.4, 145.2, 148.3, 153.3, 155.2, 159.3, 162.4, 166.4, 169.0 (coumarin C‚O) (Braca et al., 2001 ). The newly synthesized compounds at different concentrations (25-100 lg/mL) were added to each test tube and volume was made up to 4 mL using methanol. To this, 3 mL of 0.004% DPPH in methanol was added and the mixtures were incubated at room temperature under dark condition for 30 min. The absorbance was recorded at 517 nm using a UV-Visible spectrophotometer (Shimadzu UV-1800, Japan). Butylated hydroxyl toluene (BHT), dissolved in distilled water was used as a reference. Control sample was prepared using the same volume without any compound and BHT, 95% methanol served as blank. Test was performed in triplicate and the results were averaged. Radical scavenging activity was calculated using the formula:
where A control is the absorbance of the control sample (DPPH solution without test sample) and A test is the absorbance of the test sample (DPPH solution + test compound).
Chelating effect on ferrous ions
The chelating effect was determined according to the literature method (Nevcihan et al., 2010) . The test solution (2 mL) of different concentrations (25-100 lg/mL) in methanol was added to a solution of 2 mM FeCl 2 (0.05 mL) and the reaction was initiated by adding 5 mM ferrozine (0.2 mL) and the total volume was adjusted to 5 mL with methanol. Then, the mixture was shaken vigorously and left at room temperature for 10 min. Absorbance of the solution was measured spectrophotometrically at 562 nm. EDTA was used as a standard. The inhibition percentage of ferrozine-Fe +2 complex formations was calculated using the formula:
Metal chelating effect ð%Þ ¼ ½ðA control À A sample Þ=A control Â 100 where A control is the absorbance of control (control contains FeCl 2 ferrozine complex) and A sample is the absorbance of test compounds. Test was performed in triplicate, and the results were averaged.
Total reductive capability
The reductive capability of the compounds was determined according to the literature method (Oyaizu, 1986) . The solution of test compound (1 mL) at different concentrations (25-100 lg/mL) in methanol was mixed with phosphate buffer (2.5 mL, 0.2 mol/L pH 6.5) and potassium ferricyanide (2.5 mL, 1%) and the mixture was incubated at 50°C for 20 min. At the end of the incubation, trichloroacetic acid (2.5 mL, 10%) was added to the mixture, and centrifuged at 3000 rpm for 10 min. The upper layer solution was collected and mixed with distilled water (2.5 mL) and 0.1% ferric chloride (0.5 mL, 0.1%) solution. The absorbance was measured at 700 nm against a blank. Test was performed in triplicate, and the results were averaged. 
2.2.4.2.
Oral glucose tolerance test in normal rats. Overnight fasted normal rats were divided into twenty groups of six rats each. They were orally administered with vehicle, six synthesized compounds 5a, 5c and 5e-5h (10, 50 and 100 mg/kg) and metformin (60 mg/kg), respectively. Glucose (2 g/kg) was fed 30 min after the administration of compounds (Shirwaikar and Rajendran, 2006) . Blood was withdrawn through the tail vein at 0, 30, 60 and 120 min of glucose administration to observe changes in the blood glucose level.
2.2.4.3. Hypoglycemic activity assay. Test substance and reference standard (metformin) suspension were prepared with vehicle containing 0.5% (w/v) of carboxymethyl cellulose and 0.1% Tween 80. Streptozotocin (STZ) was dissolved in citrate buffer (pH 4.5) and nicotinamide in normal saline solution (0.9% NaCl solution). Diabetes was induced in overnight fasted rats by a single intraperitoneal (i.p.) injection of 60 mg/kg of streptozotocin and 120 mg/kg of nicotinamide in Wistar rats (of both sexes) (Shirwaikar and Rajendran2006) . Hyperglycemia was confirmed by the elevated non fasting glucose levels in blood, determined 48 h after diabetes induction using a Glucometer (Accu-check Advantage, Roche diagnostics Mannheim, Germany) and strips. Animals with blood glucose concentrations more than 250 mg/dL were used for the study. Each study group involved 6 diabetic rats. Cage cards indicating the study number, animal number & treatment group details were affixed to the corresponding cages. Standard drug and test compounds were given orally at 10, 50 and 100 mg/kg. The change in the body weight of rats after induction diabetes was noted. The blood sample was collected from caudal vein of the tested rats. Reduction in blood glucose produced by the compound was recorded on 1st, 2nd, 3rd, 4th, 7th and 14th day. At the end of experiment, animals were euthanized by CO 2 asphyxiation and organ weights were recorded.
Statistical analysis was performed by One-way ANOVA followed by Dunnett's multiple comparison tests. P < 0.05 was considered as a significant change.
Synthesis of coumarin derivatives containing pyrazole and indenone rings3. Result and discussion
Chemistry
Reaction sequences employed for the synthesis of title compounds is shown in Scheme 1. The key intermediates, 6-substituted-3-{(1E)-1-[2-(4-substituted) hydrazinylidene] ethyl}-2H-chromen-2-one (3a-l) were synthesized by stirring the reaction mixture of 6-substituted 3-acetyl coumarin (1a-b) with p-substituted phenyl hydrazine hydrochloride (2a-f) in dry ethanol using sodium acetate at room temperature (Goudarshivannanavar et al., 2009) . Vilsmeier formylation of these compounds (3a-l) at reflux temperature for 6 h gave the expected formyl pyrazole derivatives (4a-l) in good yield. Further, Claisen-Schmidt condensation of 3-(6-substituted-2-oxo-2H-chromen-3-yl)-1-(4-substituted)-1H-pyrazole-4-carbaldehyde derivatives (4a-l) with 5,6-dimethoxy-2,3-dihydro-1H-inden-1-one at room temperature for 8 h led to the formation of corresponding
All pyrazole coumarin indenone analogs provided satisfactory spectral data. In IR spectra, bands in the region 1671-1691 cm À1 were attributed to the -CHO group of (4a-l) series and bands in the region 1625, 1520 cm À1 were attributed to symmetric and asymmetric frequency of the NO 2 group of the compound 4j. Bands at 1703-1713 cm À1 obtained from the lactone ring of coumarin C‚O, 1667-1687 cm À1 stretching frequencies correspond to the C‚O groups of indenone. In 1 HNMR spectra, the singlet between d 9.94-10.23ppm corresponds to the presence of the -CHO group of the compounds 4(a-l). The absence of aldehyde proton signal at d 9.94-10.21 ppm and the presence of a signal in the range d 9.68-9.91 ppm (C‚CAH) support the formation of compounds 5(a-l) and the singlet in the range of 8.50-9.2 ppm due to the methine proton. In 13 C-NMR, signal at d 171.5-176.3 assigned to carbonyl carbon in indenone, signal at d 168.2-169.2 confirmed lactone carbonyl of 5(a-l) and the signal between 43-49 ppm due to CH 2 carbon in the indenone ring. Signal that appeared between 56.2-58.6 corresponds to the OCH 3 carbon in indenone ring. Other signals are in good agreement with the target compounds.
Pharmacology
Free radical scavenging activity by DPPH method
The newly synthesized compounds (5a-l) were screened for their radical scavenging activity by the DPPH method. The activity results of the newly synthesized compounds are represented in Fig. 1 .
We found that, most of the compounds showed considerable free radical scavenging activity. Compounds 5e-h have shown the strongest free radical scavenging activity among the tested compounds with IC 50 ranging between 54.14 and 59.76 lg/mL. The compound with no substitution on phenyl ring 5a with IC 50 64.75 lg/mL and the compounds 5c and 5k substituted with halogens showed good scavenging effect with IC 50 70.14 and 88.29 lg/mL. The other tested compounds displayed moderate to good scavenging activity. The IC 50 value of the reference standard BHT was recorded as 46.95 lg/mL.
Chelating effects on ferrous ions
The iron chelating studies measure the ability of antioxidants to compete with ferrozine in chelating ferrous ion (Elmastas ß et al., 2006) . It was reported that the compounds containing two or more functional groups like OH, SH, COOH, C‚O, NR 2 and oxygen in a favorable structure-function configuration can show the activity of metal chelation (Yuan et al., 2005) . The ferrous ion-chelating activity of the newly synthesized compounds is represented in Fig. 2 . From the activity data it was observed that, the compounds substituted with electron donating groups on the indenone ring and phenyl ring 5e-5h exhibited excellent activity with IC 50 value 53.75-62.30 lg/mL. Compounds 5a and 5k displayed satisfactory activity with IC 50 65.95 and 7.76 lg/mL. Compound 5c showed moderate activity with IC 50 93.94 lg/mL. The IC 50 value of the reference standard EDTA was recorded as 44.11 lg/mL.
Total reductive capability
Fe(III) reduction is often used as an indicator of electron donating activity, which is an important mechanism of phenolic antioxidant action. In the reducing power assay, the presence of antioxidant in the synthesized compounds would result in the reduction of Fe +3 to Fe +2 complex by donating an electron. The amount of Fe +2 complexes was then monitored by measuring the formation of Perl's Prussian blue at 700 nm. Increasing absorbance at 700 nm indicates an increase in reducing ability (Nabavi et al., 2008) . The results are represented in Fig. 3 . It was found that the reducing power of all the synthesized compounds increased with the increase in their concentrations. The best reducing power was presented by the compound 5g containing two methoxy groups on indenone and a methoxy group on phenyl ring with IC 50 58.01 lg/mL. Compounds substituted with electron donating groups 5e, 5f and 5h exhibited good activity with IC 50 ranging between 50
Std -BHT Figure 1 DPPH free radical scavenging assay (%) of test compounds (5a-l). Figure 2 Ferrous ion chelating assay (%) of test compounds (5a-l).
Std-EDTA
Synthesis of coumarin derivatives containing pyrazole and indenone rings 7 62.57 and 69.17 lg/mL. The other tested compounds showed less activity compared to standard. The IC 50 value of the reference standard Butylated hydroxyl anisole BHA was recorded as 50.00 lg/mL. IC 50 values of DPPH radical scavenging ferrous ion chelating activity and total reductive capability of test compounds are given in Table 1 .
Oral glucose tolerance test in normal rats
Oral glucose tolerance tests of synthesized compounds demonstrated the highest blood glucose level at 30 min following glucose administration, with decreasing blood glucose levels thereafter (Figs. 4-6) . Compared with the groups, i.e. normal control, standard and with the tested compounds, compounds 5g and 5e showed a significant reduction in the blood glucose level. Additionally at 120 min following glucose administration, the 100 mg/kg 5g and 5e groups had significantly (P 6 0.005) a greater drop in blood glucose than the 10 and 50 mg/kg groups. The other tested groups exhibited moderate to good decrease in the blood glucose level.
In-vivo anti-hyperglycemic activity
The antidiabetic potential of the newly synthesized compounds was evaluated in STZ and nicotinamide induced T2DM in Wistar rats (Watcho et al. 2012 ). Blood glucose levels of compounds 5a, 5c and 5e-5h in diabetes in STZ/nicotinamide model were checked for 14 days.
Compounds 5g and 5e having an electron donating group on the phenyl ring showed prominent decrease in glucose concentration (115 and 138 mg/dL) with the dose of 100 mg/kg. It was interesting to note that the compound 5h substituted with electron withdrawing (Br) as well as electron donating (OCH 3 ) groups showed moderate to good activity. No significant decrease in the plasma glucose level was observed in compound 5f. Compounds 5a and 5c showed less activity by increase in the plasma glucose level (278 mg/dL and 387 mg/dL) Std--BH HA Figure 3 Total reductive capability assay (%) of test compounds (5a-l). with the dose of 100 mg/kg. The lowering of plasma glucose in diabetic rats after treatment with compounds 5a, 5c and 5e-h at concentrations 10, 50 and 100 mg/kg is represented in Fig. 7-9 , respectively. Treatment with the test substance for 14 days showed an increase in body weight (Table 2 ) compared to diabetic control; no significant increase in liver weight at 100 mg/kg; and no change in kidney weight were observed with treatment.
Conclusion
A new series of coumarin derivatives containing pyrazole and indenone moiety have been synthesized and the synthesized compounds were well characterized by IR, 1 HNMR, 13 CNMR and LC-MS spectroscopic methods. Our adopted method for the synthesis of target compounds was effective in terms of time and yield. The reaction conditions are simple, and they Synthesis of coumarin derivatives containing pyrazole and indenone rings Figure 7 Significant lowering of plasma glucose in diabetic rats treated with compounds at the concentration of 10 mg/kg of body weight. Figure 8 Significant lowering of plasma glucose in diabetic rats treated with compounds at the concentration of 50 mg/kg of body weight. Figure 9 Significant lowering of plasma glucose in diabetic rats treated with compounds at the concentration of 100 mg/kg of body weight.
are not sensitive to oxygen and water, which make it easy to operate at room temperature. The presence of pyrazole ring endows these species with important pharmacological and therapeutic interest. From the structure-activity relationship studies it revealed that, the presence of electron withdrawing group/halogen substituted compounds showed good antioxidant property. In case of antihyperglycemic activity, compounds 5g and 5e showed prominent antidiabetic activity. Further research needs to be done to fully understand how the synthesized compounds are working in the pancreas and by what mechanism it is able to lower glucose levels in Streptozotocin-nicotinamide induced diabetic mice. Values are mean ± SEM of 6 animals in each group. a P < 0.05 compared with the normal. b P < 0.05 compared with diabetic control. c P < 0.05 compared with the glibenclamide treated group. ND-Not determined.
